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the essential biological activities of other, physiologically benefi cial, 
ROS. In a recent article, Ohsawa et al. examined the antioxidant 
therapeutic potential of molecular hydrogen. Th ey induced acute 
oxidative stress in cultured cells by three independent methods and 
found that H2 selectively reduced the hydroxyl radical, the most 
cytotoxic of ROS, and eff ectively protected cells; however, H2 did 
not react with other ROS, which possess physiological roles. Th ey 
also used an acute rat model in which oxidative stress damage 
was induced in the brain by focal ischemia and reperfusion. Th e 
inhalation of H2 gas markedly suppressed brain injury (Figure) by 
buff ering the eff ects of oxidative stress. Th us, H2 can be used as an 
eff ective antioxidant; owing to its ability to rapidly diff use across 
membranes, it can reach and react with cytotoxic ROS and thus 
protect against oxidative damage. As •OH and ONOO– are much 
more reactive than other ROS, it appears that H2 reacts with only 
the strongest oxidants. Th is would be advantageous for medical 
procedures, as H2 is probably mild enough to not disturb meta-
bolic oxidation-reduction reactions or disrupt ROS involved in cell 
signaling. (Nat Med 2007; 13: 688–694)
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Glycosaminoglycans and renal cysts
Th e most common polycystic disease (1 in 500 births) is auto-
somal dominant polycystic kidney disease (ADPKD), caused by 
mutations in either the PKD1 or the PKD2 gene. ADPKD patients 
develop decreased renal function, renal tubule dilation, and cysts, 
and 70% develop liver biliary cysts. Alterations in epithelial cell 
growth and development, fl uid secretion, polarization, and/or 
apoptosis, which have all been linked to cyst development and 
growth, are thought to arise from abnormalities in the extracel-
lular matrix, basement membrane, and cellular mechanosensing 
and signaling by the primary cilium. Proteoglycans, located on 
the cell surface and in the extracellular matrix, consist of a core 
protein with heparan sulfate, chondroitin sulfate, and dermatan 
sulfate glycosaminoglycan side chains assembled on select serines. 
Th ey infl uence many fundamental biological processes, including 
cytokine and growth factor function, morphogen gradient forma-
tion, and basement membrane homeostasis. Th erefore, the reduc-
tion in proteoglycans observed in tissues and cultured cells from 
Hydrogen acts as an effective 
therapeutic antioxidant by 
selectively reducing cytotoxic 
oxygen radicals
Acute oxidative stress induced by ischemia–reperfusion or infl am-
mation causes serious damage to tissues, including the kidney. Oxi-
dative stress arises from the strong cellular oxidizing potential of 
excess reactive oxygen species (ROS), or free radicals. Most of the 
superoxide anion radical (O2
•–) produced is generated in mito-
chondria by electron leakage from the electron transport chain 
and the Krebs cycle. O2
•– is also produced by metabolic oxidases, 
including NADPH oxidase and xanthine oxidase. Superoxide dis-
mutase converts O2
•– into hydrogen peroxide (H2O2), which is 
detoxifi ed into H2O by either glutathione peroxidase or catalase. 
Excess O2
•– reduces transition metal ions such as Fe3+ and Cu2+, 
the reduced forms of which in turn can react with H2O2 to pro-
duce hydroxyl radicals (•OH). •OH is the strongest of the oxidant 
species and reacts indiscriminately with nucleic acids, lipids, and 
proteins. Th ere is no known detoxifi cation system for •OH; there-
fore, scavenging •OH is a critical antioxidant process.
Despite their cytotoxic eff ects, O2
•– and H2O2 play important 
physiological roles at low concentrations: they function as regula-
tory signaling molecules involved in numerous signal transduction 
pathways, as regulators of several processes such as apoptosis, cell 
proliferation, and diff erentiation, and as defenders against bacterial 
invasion. Nitric oxide (NO•), another ROS, also functions as a neu-
rotransmitter and regulator of blood vessel tone. Th us, cytotoxic 
radicals such as •OH must be neutralized without compromising 
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Forebrain slices from rats 1 day after a 120-minute middle cerebral artery 
occlusion during inhalation of no H2 or 2% H2.
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Left: Normal renal tubules in Xylt2+/+ mice. Middle: Dilated Xylt2–/– tubule. 
Right: Xylt2–/– tubule dilation and atrophy. Asterisks indicate the tubule 
lumens. (Scale bars, 100 µm.)
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ADPKD patients and polycystic kidney disease animal models 
correlates well with the cyst-associated epithelial abnormalities of 
dediff erentiation, proliferation, and increased cell turnover. Despite 
this strong link to ADPKD, the role of proteoglycans in ADPKD 
and other polycystic diseases remains unresolved.
Condac et al. investigated the potential role that proteoglycans 
play in development of polycystic disease by inactivating xylo-
syltransferase 2 (XylT2; Enzyme Commission no. 2.4.2.26), an 
enzyme involved in heparan sulfate and chondroitin sulfate bio-
synthesis. Enzyme inactivation reduced proteoglycans and induced 
a phenotype characteristic of many aspects of polycystic liver and 
kidney disease. In the kidney (Figure), old male Xylt2–/– mice had 
dilated tubules localizing primarily to the kidney cortex. How-
ever, the dilated segments did not separate from the nephron, and 
these structures appeared not to be cysts. Th e Xylt2–/– mice also 
exhibited reduced renal function (increased blood urea nitrogen). 
Whether proteoglycan homeostasis is causally linked to ADPKD 
cyst development remains unresolved, but these fi ndings indicate 
that decreased proteoglycan concentrations are cystogenic. (Proc 
Natl Acad Sci USA 2007; 104: 9416–9421)
Juan Oliver
Wnt/β-catenin signaling regulates 
nephron induction during kidney 
development
Mammalian kidney organogenesis results from the reciprocal 
inductive signaling between ureteric bud epithelium and metane-
phric mesenchyme. Th e ureteric bud, a caudal outgrowth of the 
Wolffi  an duct, forms the collecting duct system and induces mes-
enchymal-to-epithelial transition in the metanephric mesenchyme, 
establishing the renal vesicles, the precursors of the renal tubule, 
and then the mature nephron. Two members of the Wnt family, 
Wnt9b and Wnt4, play central roles in the initial stages of neph-
ron development. Wnt9b is expressed in the ureteric epithelium, 
whereas Wnt4 is expressed in the pre-tubular aggregate, as one 
of the fi rst molecular responses to inductive signaling mediated 
by the ureteric epithelium. Genetic analyses of Wnt9b and Wnt4 
mutant mice indicate that Wnt9b is a primary inductive signal 
required for all aspects of renal vesicle induction, including the 
activation of Wnt4. Wnt4 appears to play an autoinductive role 
within the induced mesenchyme, one that is essential for propa-
gating the inductive process and completing the transition to 
epithelial renal vesicles. Although the importance of these signals 
is clear, the molecular pathways through which these sequential 
signals operate have not been determined. Wnts can activate the 
‘canonical’ Wnt pathway, which stabilizes β-catenin, allowing tran-
scriptional activation. Wnts can also regulate cell polarity and cell 
movement, at least in part through the JNK signaling pathway, and 
can increase the intracellular concentration of calcium.
Park et al. used genetic approaches to directly manipulate 
β-catenin activity within the metanephric mesenchymal pro-
genitor cell population. β-catenin activity was required within the 
metanephric mesenchyme to generate renal vesicle epithelia and its 
derivatives. Further, activation of β-catenin within the metanephric 
mesenchyme initiated this response and functionally replaced the 
requirement for ureteric epithelial Wnt9b. Finally, activation of 
β-catenin in the metanephric mesenchyme functionally rescued 
the defective inductive responses in Wnt9b and Wnt4 mutants in 
vivo (Figure). Th ese studies enhance our understanding of the 
action of Wnt signaling in kidney development, demonstrating 
that the primary inductive activities of both Wnt9b and Wnt4 are 
probably mediated through canonical Wnt signaling. (Develop-
ment 2007; 134: 2533–2539)
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Activated Wnt/β-catenin signaling in renal vesicle progenitor cells in 
mice is sufficient to induce mesenchymal induction markers in the 
absence of Wnt9b.
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